Analogous films were assembled on 500 nm-diameter silica beads following previous methods with modifications. 3 Briefly, 2 mL of poly(diallyldimethylammonium chloride) (PDDA) (2 mg mL -1 , 50 mM NaCl) was added to 1.8 mL (1.96g mL -1 ) of silica beads and was allowed a 15-min assembly. The suspension was centrifuged for 1 min at 8000 rpm and rinsed with water to remove loosely bound polyions. The beads were then dispersed in 1.5 mL of ds-DNA solution (0.5 mg mL -1 ) allowing a 15-min assembly, which was followed by rinsing. Similar steps were followed for cytosol or microsomes adsorption for 30 min. After fabrication, the films had a following architecture: PDDA/DNA/PDDA/cytosol or PDDA/DNA/PDDA/cytosol/microsomes.
DNA (2 mg mL -1 ), human liver cytosol or microsomes (20 mg protein mL -1 ) was placed on the 9 MHz quartz resonator (0.16 cm 2 , International Crystal, OK) for 15 min, except for 30 min for cytosol or microsomes. The resonator was then rinsed with water, dried under a gentle stream of nitrogen and placed into the QCM for frequency recording.
Film Fabrication. Array spots containing human liver cytosol and/or microsomes were assembled on a 1 x 1 in. pyrolytic graphite (PG) chip using established protocols. 2, 3 The following solutions were used for film assembly: 2 mg mL -1 calf thymus DNA (10 mM, Tris pH 7.4, 50 mM NaCl), 2. Analogous films were assembled on 500 nm-diameter silica beads following previous methods with modifications. 3 Briefly, 2 mL of poly(diallyldimethylammonium chloride) (PDDA) (2 mg mL -1 , 50 mM NaCl) was added to 1.8 mL (1.96g mL -1 ) of silica beads and was allowed a 15-min assembly. The suspension was centrifuged for 1 min at 8000 rpm and rinsed with water to remove loosely bound polyions. The beads were then dispersed in 1.5 mL of ds-DNA solution (0.5 mg mL -1 ) allowing a 15-min assembly, which was followed by rinsing. Similar steps were followed for cytosol or microsomes adsorption for 30 min. After fabrication, the films had a following architecture: PDDA/DNA/PDDA/cytosol or PDDA/DNA/PDDA/cytosol/microsomes.
The modified beads were dispersed in 50 mM 2-(N-morpholino)ethanesulfonic acid (MES) buffer (pH 6.0) to a final volume of 1.8 mL and stored near 0 ºC till use.
Metabolic Activation. Safety note: ethylene dibromide and 2-amonifluorene are suspected carcinogens. All procedures were done while wearing gloves and under closed hoods.
(1) ECL Array. Reaction was initiated by treating the array spots with the reaction solution and stopped by rinsing the solution off the arrays with water. For ethylene dibromide reaction, array spots were exposed to 50 mM MES buffer (pH 6.0) solution containing ethylene dibromide (80 µM) and 0.5 mM cofactor glutathione (GSH). Inhibition reactions were conducted at the same conditions, expect that spots were pretreated with 175 µM bilirubin at 37 ºC for 10 min. For cytosolic NAT and microsomal enzymes mediated 2-amonifluorene reaction, 50 mM MES buffer (pH 6.0) containing 100 µM 2-amonifluorene, 0.5 mM acetyl coenzyme A (AcCoA), 1.6 mM DTT, 0.5 mM EDTA and an NADPH generating system (10 mM glucose 6-phosphate, 4
units of glucose-6-phosphate dehydrogenase, 10 mM MgCl 2 , 0.80 mM NADP + ) was incubated at 37 ºC for 10 min before exposing to array spots. Inhibition of NAT by luteolin was done by incubating spots for 10 min with
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350 µM luteolin at 37 ºC before exposing to the same enzymatic activation solution. For cytosolic NAT mediated reaction, the NADPH regenerating system was neglected. The array chip is placed in an open-top electrochemical cell in a dark box with a CCD camera mounted on top to measure the ECL light emission and the ECL image was collected and processed following previously described methods.
2
(2) Nanoreactors. Metabolic enzyme reactions were started by adding the substrate into dispersed silica beads (200 µL) with DNA/cytosol or DNA/cytosol/microsome films in the same reaction condition as in ECL array experiments. Reactions were allowed for 5 min and stopped by centrifugation. Silica beads with modified DNA were dispersed into 150 µL 10 mM potassium phosphate buffer (pH 7.0) followed by enzymatic digestion using previous protocol with modification. 4 Briefly, DNA coated silica beads were incubated with deoxyribonuclease I (400 unit/mg of DNA) for 12 h at 37 ºC, followed by incubation with phosphodiesterase I (0.2 unit/mg of DNA) and phosphatase, alkaline (1.2 unit/mg of DNA) for 5 h at 37 ºC. All solutions were filtered with 0.2 micron filter before injecting into LC. 
CapLC-MS/MS

Results
Estimated amounts of cytosol, microsomes, DNA and RuPVP in the film were obtained from quartz crystal microbalance (QCM) studies. 4 The mass of each applied layer was estimated using Sauerbrey equation:
The nominal dry film thickness was determined using an empirically equation derived from high-resolution electron microscopy:
ΔF values and eq 1 were used to obtain weights of liver fractions and DNA. Equation 2 was used to estimate the average nominal thickness of the films, as summarized in Table 1 . Figure S2 . Reconstructed ECL array data from (A) spots of RuPVP/DNA/human liver cytosol exposed to 80 µM EDB, 0.5 mM glutathione in 50 mM MES buffer (pH 6.0) for denoted time. Inhibition reactions were conducted at the same conditions, expect that spots were pretreated with 175 µM bilirubin at 37 ºC for 10 min;
(B) spots of RuPVP/DNA/human liver cytosol/human liver microsomes exposed to 100 µM 2-AF, 0.5 mM acetyl coenzyme A, 1.6 mM DTT, 0.5 mM EDTA and an NADPH regenerating system in a 50 mM MES buffer (pH 6.0). Inhibition reactions were conducted at the same conditions, expect that spots were pretreated with 350 µM luteolin at 37 ºC for 10 min.
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